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（2）通过考虑 bcc、fcc 和 hcp 三种结构薄膜以不同晶面和基板接触时的弹
性应变能、表面能和化学自由能，计算系统的总自由能，通过求解自由能的 小

























速度对薄膜中 spinodal 分解的影响。 
（4）针对实验发现的 Co 基薄膜中几种典型的微观组织结构，半定量地模拟





































As the rapid development of the electronic and information industry, such as the 
industry of integrated circuits, solid luminous, laser devises and magnetic recording 
media, the science and technology of the semiconductors and magnetic thin films are 
attracting more and more attention. Manufacturing thin films with certain 
performances by using new technics has become a research hotspot. Due to the 
special structure, such as the substrate constraint and the surface effect, the phase 
stability and the process of phase transformation of thin film materials are different 
with that of the bulk materials. The general theory of thermodynamics and kinetics 
could not be well applied to the thin film materials. Therefore, thermodynamic and 
kinetic investigation of thin film materials is significant for the prediction of the 
macro performances and the development of the semiconductor and magnetic thin 
films with high performance. 
 The purpose of this work is to investigate the characteristics of the phase 
equilibria, phase stability and microstructure evolution of some semiconductor and 
magnetic thin films under the effects of the strain, surface and deposition rate by 
developing thermodynamic and kinetic models. The details of the results are as 
follows: 
 (1) By analyzing the elastic stress and the chemical excess energy, (a) the critical 
thickness and the stained and relaxed elastic strain energy of 5 ternary III-V 
semiconductors film were calculated; (b) the phase equilibria of some III-V 
semiconductor film/substrate system were calculated under different film thicknesses, 
and the effect of the elastic strain energy, dislocation energy and surface energy on the 
phase equilibria were discussed. 
 (2) By considering the elastic strain energy, surface energy and chemical free 
energy of the bcc, fcc and hcp structured films contacting with the substrate with 
different crystallographic planes, the phase stability of the pure Co and Co-base alloy 















The melting points of some pure metal films were calculated. 
 (3) Based on the Cahn-Hilliard phase-filed model, the microstructure evolution of 
the self-organized multi-layer film during deposition was investigated. (a) The 
microstructure evolution of the stress-free semiconductor films with spinodal 
decomposition during deposition was simulated. By normalizing the deposition rate, 
the microstructure map describing the relations of the initial composition, deposition 
rate and the microstructure were calculated, which agree well with the experimental 
results. (b) By introducing a homogeneous substrate, where the substrate is one of the 
equilibrium phases, the effect of the substrate on the microstructure was investigated. 
(c) By considering the differences of the diffusion coefficient of the two components 
as well as the diffusion in bulk and surface, the effect of the diffusion coefficient on 
the microstructure of the film was studied. (d) Based on the microelasticity theory, the 
effect inhomogeneous elastic stress field on the microstructure evolution during film 
deposition was investigated.  
(4) Based on the several typical microstructures of the Co-base films, the 
microstructure evolution of the magnetic induced phase separation of the Co-V and 
Co-Cr polycrystalline films were simulation by phase-filed model. The effect of the 
segregation and the fast diffusion in the grain boundary on the microstructure was 
discussed. The magnetization and the hysteresis loops of the several typical 
microstructures of the Co-base films were calculated and discussed based on the 
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